ABSTRACT
INTRODUCTION
Approximately 20% of parturients undergo induction of labor (IOL) for various reasons 1 . Observational studies have shown that nulliparous women with an unfavorable cervix undergoing IOL have about a two-fold increased risk of Cesarean delivery 2 -5 . Emergency Cesarean section during labor has additional risks for maternal and/or fetal complications compared with elective Cesarean delivery 6 -10 . The risks of a Cesarean delivery are not limited to the index pregnancy but may also affect future pregnancies 11, 12 . Thus, identification before IOL of women at high risk for Cesarean delivery has significant clinical implications.
The Bishop score 13 remains the standard method for predicting the safety and duration of induced labor. However, this method of assessment is subjective, and it has been shown to be a poor predictor of labor in women scheduled for induction 14 . The sonographic measurement of cervical length before IOL has also been suggested as a predictor of successful induction, however a recent meta-analysis has shown that cervical length has only moderate capacity for the prediction of IOL 15 . Thus, at present there is no objective and reliable way to predict a successful IOL.
Transperineal sonography has been suggested as a useful tool for monitoring the progression of labor and predicting the mode of delivery 16 -20 . The angle of progression (AOP) is the angle between the long axis of the symphysis pubis and a line extending tangentially from its most inferior edge to the fetal skull. It has been shown that measurement of the AOP using transperineal sonography is an easily preformed and reproducible method, with little inter-and intraobserver variability 21 -23 . We have shown previously that nulliparous women with a wide prelabor AOP (≥ 95
• ) have a higher rate of successful vaginal delivery than do those with a narrower angle 19 . The aim of this study was to assess whether measurement of the AOP can predict a successful vaginal delivery following IOL among term nulliparous women with a low Bishop score.
METHODS

Study design and population
This was a prospective, observational study undertaken at Kaplan Medical Center, Rehovot, Israel, between January 2011 and August 2015. The study group comprised 159 nulliparous women at 37-42 completed weeks' gestation who underwent IOL for various indications. All women were assessed by the physician on duty, and the examination included cardiotocography and digital vaginal examination. Women were eligible to participate in the study if they were nulliparous, at term gestation with a live fetus in vertex presentation and intact membranes, and had a low Bishop score (< 7). Women with a multiple pregnancy, preterm rupture of membranes and those who were having regular contractions (three or more in a 10-min period) were excluded from the study. Since women enrolled in the study had an unfavorable cervix (Bishop score < 7), they underwent cervical ripening subsequent to the transperineal ultrasound examination by intracervical extra-amniotic balloon catheter and/or by vaginal administration of prostaglandin E-2 (Propess (dinoprostone 10 mg), Ferring Pharmaceuticals, East Kilbride, UK) at the discretion of the attending physician. Two women declined cervical ripening and consequently underwent repeat membrane sweeping. Following adequate cervical ripening, labor was most commonly induced by the administration of intravenous oxytocin and/or amniotomy. The induction and labor process was managed by the labor and delivery team, who were blinded to AOP measurements. Cesarean section was performed in cases of non-reassuring fetal heart rate (NRFHR) or failure to progress. Failure to progress was defined as the absence of progress of cervical dilatation in two consecutive examinations 4 h apart, in the presence of regular contractions (maximized by the use of oxytocin and amniotomy), or as prolonged second stage of labor (2 h in women without epidural anesthesia and 3 h in women with epidural anesthesia) without adequate indication for instrumental delivery according to the clinical judgment of the staff in charge. Gestational age was determined according to the last menstrual period if this had been confirmed by first-trimester ultrasound examination, or by ultrasound if the sonographic determination of gestational age during the first trimester differed from the menstrual dating by more than 1 week. Body mass index (BMI) was calculated according to the formula: weight (kg)/(height (m)) 2 .
Ultrasound examinations for AOP measurement were conducted with a Logiq C3 ultrasound system equipped with a 2-5-MHz transabdominal two-dimensional convex transducer (GE Healthcare Ultrasound, Milwaukee, WI, USA), using the technique described by Barbera et al. 22 . Briefly, transperineal ultrasound images were obtained by placing a covered transducer between the labia, below the symphysis pubis. Small lateral movements of the probe were made to align the ultrasound beam in a midsagittal orientation to include the whole length of the symphysis pubis and the fetal skull. The best image was printed, coded by a consecutive number and the AOP was measured offline (using a goniometer) by a single examiner (R.L.) who was blinded to patients' demographic and clinical data. Cervical length was measured by transperineal ultrasound when an adequate view of the cervix was feasible (when the internal os, the external os and the endocervical canal were visualized simultaneously) and was determined by placing electronic calipers at each os 24 . Ultrasound examinations were performed immediately prior to cervical ripening. Data on clinical characteristics and delivery outcome were retrieved from computerized medical records.
It is of note that 36 of the participants included in the current study were also included in a previous study assessing the association between AOP and mode of delivery among parous and nulliparous women 19 .
The study protocol was approved by the institutional review board of Kaplan Medical Center. All participants provided written informed consent prior to the transperineal ultrasound examination.
Statistical analysis
We have previously reported that an AOP of 95
• had the best diagnostic performance for the identification of nulliparous women who will deliver vaginally 19 . Assuming a Cesarean delivery rate of about 25% among nulliparous women undergoing IOL at term (local data), we calculated that for a power of 0.8 and an α of 0.05, a total sample size of 140 women was needed to detect an effect size of 0.5 (which we consider as a difference with a potential clinical value) for the rate of Cesarean delivery among nulliparous women with a pre-induction AOP of < 95
• compared with those with an AOP of ≥ 95
• (GPower version 3.1.3, Universitat Kiel, Germany) 19 . Continuous variables were compared between groups using either two-sampled Student's t-test or the Mann-Whitney U-test, depending on data distribution evaluated using the Kolmogorov-Smirnov test. Comparisons of proportions were performed with the chi-square or Fisher's exact test. Multivariable stepwise logistic regression analysis was performed to determine the relationship between maternal age, BMI, gestational age at IOL, indication for IOL, fetal head station, clinical estimation of fetal weight and AOP as potential explanatory variables in the prediction of the mode of delivery. Receiver-operating characteristics (ROC) curve analysis was performed to determine the best discriminatory AOP cut-off for the identification of women who will have a successful IOL.
Statistical analysis was carried out with PASW statistics version 18.0 (SPSS Inc., Chicago, IL, USA), and P < 0.05 was considered to indicate statistical significance.
RESULTS
Demographic and clinical characteristics of the study population
During the study period, 159 women were enrolled. For nine (5.7%) women, the quality of the printed transperineal sonographic images was not sufficient to identify adequately the landmarks needed for accurate AOP measurement, thus 150 women were included in the final analysis. All participants delivered within 1 week of the transperineal ultrasound examination. The rate of Cesarean delivery in the study population was 26.7% (n = 40). Of the 110 women who delivered vaginally, 14 (12.7%) required vacuum extraction. Table 1 presents the demographic and clinical characteristics of the women according to their mode of delivery. The clinically estimated fetal weight was the only parameter to differ significantly between women who delivered vaginally and those who had a Cesarean section. There were no statistically significant differences in the indications for IOL or in the method of cervical ripening between the two groups. Adequate transperineal cervical-length measurements were available for 75 (50.0%) women. Among these women, the median cervical length did not differ significantly between those who delivered vaginally and those who delivered by Cesarean section. Analysis of the nine women who were excluded because of poor-quality sonographic images did not reveal significant differences in any of the abovementioned parameters. One of these nine women underwent Cesarean delivery, while the others delivered vaginally (two by vacuum extraction).
Comparison of angle of progression according to mode of delivery
Initially, we compared women who had a vacuum delivery with those who had an unassisted vaginal delivery. • was 3.35 (95% CI, 1.8-6.2; P < 0.001) overall, and 7.37 (95% CI, 2.7-20.2; P < 0.001) after exclusion of those who had a Cesarean section for NRFHR. In the latter group of women, multivariable stepwise logistic regression analysis demonstrated that the AOP was the only parameter to be independently associated with the prediction of a successful IOL (odds ratio, 0.916 (95% CI, 0.863-0.971); P = 0.003). Multivariable regression analysis of the whole study population similarly showed that AOP was the only significant predictor of labor.
DISCUSSION
Principal findings of the study
Among nulliparous women with a low Bishop score undergoing IOL, those who had a vaginal delivery had a significantly wider pre-induction AOP than those who had a Cesarean delivery. An AOP cut-off of 92
• best differentiated between those who delivered vaginally and those who had a Cesarean section. Importantly, only 5.2% of women with an AOP wider than 92
• had a
Cesarean delivery because of non-progression of labor. These findings correlate with our previous study in which almost all nulliparous women with a prelabor AOP > 95
• delivered vaginally 19 .
Comparison with other studies
Numerous studies have tried to predict the success of IOL using different methods 13 -16,24-26 . The Bishop score is the most studied method 13, 14 . While it is clear that in patients with a Bishop score of ≥ 7 the success rate of IOL is high, the Bishop score does not help in predicting the mode of delivery in those with a score of < 7 2,13,14 . Eggebo et al. 16 assessed the fetal head-perineum distance as a predictor of labor after IOL. The ability to predict vaginal delivery was similar to that of cervical-length assessment and the Bishop score alone. In a recent study, Pereira et al. 27 measured the AOP before IOL and reported that it was not a good predictor of vaginal delivery. However, the authors admit that their study is not without limitations, as it included preterm pregnancies (in which the fetal head may not yet be engaged in the pelvis), as well as both parous and nulliparous women without Bishop-score restrictions. The unique aspect of our study is that it includes a homogeneous group of patients for whom the prediction of a successful IOL is hardest. We included only nulliparous patients at term with a low Bishop score and were able to demonstrate that measurement of the AOP before IOL is a useful tool for predicting a vaginal delivery, as about 95% of patients with an AOP of > 92
• delivered vaginally.
Furthermore, in our study, AOP was the only variable to be independently associated with mode of delivery.
In accordance with our previous study, most women with a wide AOP (> 92
• ) had a normal vaginal delivery, which might help to reassure the clinician in recommending IOL for patients with a poor Bishop score. Although the rate of Cesarean delivery was more than 40% in those with an AOP of ≤ 92
• , we believe that elective Cesarean delivery is not mandatory in this group. However, it may help the physician to provide the patient with more accurate information regarding the success rate of the IOL process based on an objective measurement rather than on the subjective impression of the Bishop score. The leading indication for a primary Cesarean section is the diagnosis of dystocia 28 . Indeed, in our study, two thirds of the indications for Cesarean delivery were dystocia of the labor process. Importantly, we found no significant differences between women who had a successful vaginal delivery following IOL and those who eventually had a Cesarean delivery for other potential risk factors associated with an increased rate of Cesarean delivery, such as maternal age, prepregnancy BMI, indication for IOL, epidural rate and birth weight. The prediction of a Cesarean delivery because of indications not related to the progression of labor (i.e. arrest of dilatation, arrest of descent or cephalopelvic disproportion) such as a NRFHR or placental abruption seems to be impossible. Indeed, including only women who had a Cesarean delivery because of dystocia did not change the AOP cut-off value, reflecting the fact that the AOP is probably not associated with a 'non-dystocia' indication for a Cesarean delivery.
Strengths and limitations of the study
The main strength of our study is its homogeneous population, which included only nulliparous women at term with a low pre-induction Bishop score. Indeed, when attempting to predict the success of IOL, parity is an important factor, as the rate of failed induction is significantly lower in parous than in nulliparous women 3, 4 . Furthermore, we focused on women with a low Bishop score (< 7) who required cervical ripening, and excluded those with good cervical conditions who underwent augmentation rather than IOL.
As a limitation of our study we must point out that we had to exclude nine patients (5.7% of the study population) owing to the poor quality of their sonographic images. Contrary to our previous study, in which the sonographic examinations were performed by two experienced sonographers, in this study the ultrasound examinations were done mostly by residents on duty who had been trained to perform these examinations by two senior physicians. In accordance with previous studies 18 , 23 , we observed that, after a short training period, measuring the AOP is easy and feasible for non-experienced sonographers. We believe that AOP measurement is feasible in almost all patients and that the technical difficulties in acquiring adequate measurements could be minimized by a longer training period.
Another limitation of the study is that transperineal cervical-length measurements were obtained for only half of the study population. In contrast to AOP, transperineal cervical-length measurement requires more training and is difficult to obtain in some patients 24 . Nevertheless, in women with cervical-length measurements, the median cervical length was similar in those who had a successful vaginal delivery and those who underwent Cesarean delivery following IOL. Furthermore, multivariable regression analysis including the mode of delivery, AOP and cervical length showed that only AOP is associated with mode of delivery (P = 0.025 for AOP and P = 0.8 for cervical length). It is possible that, since cervical length measured by the transvaginal route is more accurate than that measured by transperineal ultrasound 24 , combining its measurement with AOP may improve the prediction of mode of delivery in patients undergoing IOL.
In conclusion, the most clinically relevant information derived from our study is that nulliparous women with a low Bishop score (< 7) and a wide AOP (> 92
• ) before IOL can be reassured that their risk of Cesarean delivery due to abnormal progression of labor is low.
